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doi:10.1016/j.jtcvs.2003.11.037990 The Journal of Thoracic and CardioObjectives: We evaluated the early and medium-term single-center results for
primary repair of Ebstein anomaly in both adults and children.
Methods: The records were reviewed of patients undergoing repair of Ebstein
anomaly at the Children’s Hospital of New York from September 1990 to Septem-
ber 2002. Functional, demographic, and echocardiographic parameters were studied
both preoperatively and postoperatively, along with functional status and adverse
events. The repair technique involved vertical plication of the atrialized ventricle
and valve leaflet reimplantation after clockwise rotation.
Results: A total of 25 patients (19 children and 6 adults) underwent repair. The
average age was 14.2  15.9 years, and the average follow-up was 4.1  3.4 years.
Three patients required reoperation for right ventricular overload (1 child) and
progressive, severe tricuspid regurgitation (2 adults); both adults received tricuspid
valve replacements, one at 4 years and the other at 8 years post-repair. Three
patients had radiofrequency ablation procedures performed intraoperatively. Ten
patients (40%) had moderate-to-severe tricuspid regurgitation perioperatively. How-
ever, 18 children (95%) and 5 adults (83%) demonstrated significant improvement
in exercise capacity late postoperatively. Two children died suddenly 11 months and
4 years after repair.
Discussion: Ebstein repair has good functional outcomes in children despite residual
tricuspid regurgitation, likely because of reduction in right ventricular volume
loading and relative annular and ventricular plasticity. Adult patients did not
demonstrate the same durability of valve repair and frequently required tricuspid
valve replacement. Intraoperative radiofrequency ablation represents an important
adjunctive treatment for intractable arrhythmias, which may now represent relative
indications for operative intervention.
Ebstein anomaly of the tricuspid valve is an unusual congenitalcardiac lesion notable for its extremely variable natural history. Theclinical expression of the disease may become manifest at any ageand encompasses the spectrum of severity from nearly uniformmortality if left untreated in the symptomatic neonate to long-termsurvival in some adults with and without repair.1-4 In infants and
children, right-to-left shunting at the atrial level can result in significant cyanosis,
whereas in older patients, symptoms typically represent the effects of ongoing
tricuspid regurgitation and right ventricular dysfunction. At any age, rhythm abnor-
malities in patients with Ebstein anomaly, either the result of protracted atrial
vascular Surgery ● April 2004
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Ddistension or abnormal myocardial substrate, remain the
cause of significant morbidity and sudden death.5-7
Until relatively recently, the results of surgical correction
for this lesion were limited, and thus surgery had been
reserved only for those with increasing disability. However,
during the past 2 decades, several innovative techniques
have been promoted as alternatives to valve replacement for
repair of Ebstein anomaly, most of which involve tricuspid
valve restoration and some degree of plication of the atri-
alized ventricle.8-17 We previously described our reparative
technique with promising early results17 and undertook the
current study to evaluate further the outcomes of our pa-
tients who underwent repair of Ebstein anomaly during the
past 12 years.
Methods
We reviewed the records of all patients who underwent repair of
Ebstein anomaly from September 1990 to September 2002 at the
Children’s Hospital of New York. Functional and demographic
parameters were evaluated including age, gender, indication for
surgical correction, associated lesions, preoperative radiographic
cardiothoracic ratio, exercise testing (when available), presence of
preoperative arrhythmia, and previous procedures.
Preoperative and postoperative echocardiograms were analyzed
by 2 blinded echocardiographers according to a modified grading
scale (“Ebstein Severity Scale”) as previously described by Car-
pentier and colleagues and Quaegebeur and colleagues:9,17 grade
A, mobile anterior tricuspid valve leaflet with a small contractile
atrialized chamber; grade B, large, noncontractile atrialized cham-
ber but mobile anterior leaflet; grade C, tethering of the distal
attachments of the anterior leaflet and a large noncontractile atri-
alized chamber; and grade D, leaflet tissue forming a continuous
sac adherent to the right ventricle. The current echocardiographic
analysis also included parameters of (1) right and left ventricular
function, (2) severity of tricuspid regurgitation, and (3) degree of
anterior tricuspid leaflet mobility. In addition, in postoperative
studies, the level of displacement of the tricuspid apparatus was
assessed.
The early and late postoperative functional status was corre-
lated with these findings, as were adverse events, including atrial
arrhythmias, heart block, need for adjunctive procedures, need for
tricuspid valve replacement, and all-cause mortality. All patients
were evaluated clinically over a time period extending from the
perioperative period to as long as 10.9 years postoperatively.
Routine transthoracic echocardiography was obtained before hos-
pital discharge and graded by the system described. Additional
transthoracic echocardiography and exercise tests were obtained
later postoperatively at the discretion of the referring cardiologist.
Valve Repair Technique
After institution of cardiopulmonary bypass with moderate hypo-
thermia (28°C), the aorta is crossclamped, and cardioplegic arrest
is induced. The right atrium is opened parallel to the atrioventric-
ular groove, and the tricuspid valve is inspected. The anterior
leaflet (and posterior leaflet when not diminutive) is detached from
the tricuspid annulus, starting at the anteroseptal commissure
(leaving the attachment at the level of the commissure untouched)
The Journal of Thoraciand proceeding along the annulus (Figure 1). Further mobilization
of the detached leaflet(s) may require both additional division of
abnormal fibrous bands of tissue (trabeculations) extending be-
tween the leaflets and the ventricular wall and dissection of the
papillary muscle attachments from the ventricular wall as far as the
apical portion of the right ventricle. Care must be taken to maintain
the valve attachments to the free edge to preserve valve function
and prevent flail movement (Figure 2).
The atrialized right ventricle is then plicated longitudinally
with continuous 5-0 Prolene suture (Ethicon, Inc, Somerville, NJ)
in a method modified from Carpentier and coworkers.9 The area of
tissue that is plicated forms a “wedge,” the boundaries of which are
a line that runs from the apex of the atrialized portion to the
coronary sinus, including the septal leaflet attachments, and a
second line that starts at a similar point and ascends along the
diaphragmatic endocardial surface of the atrialized chamber (Fig-
ure 3). Thus, the original attachments of the posterior leaflet are
included in the plicated tissue. Of note, neither the septal leaflet
nor its remnants are included in the repair. Attention must be paid
so that neither suture line is transmural to avoid injury to the
posterior descending artery. The plication of the atrialized ventri-
cle is specifically performed caudal to the coronary sinus to avoid
fibers of the conduction system. In 2 cases, the right atrial tissue
itself was so redundant as to require atrial excision.
Finally, the anterior and posterior (where applicable) leaflets
are reattached to the new tricuspid annulus with a moderate clock-
wise rotation (Figure 4). Every effort is made to bring the leading
rotated edge of the leaflet to adjoin the edge of the septal leaflet
tissue. Although no prosthetic rings are used in the repair, in 3
instances, a single, pledgeted annuloplasty suture was further
inserted to reinforce the repair and downsize the tricuspid annulus.
Figure 1. Detachment of the anterior leaflet from the tricuspid
annulus. Reprinted from the Journal of the American College of
Cardiology, Vol 17, Quaegebeur JM, Sreeram N, Fraser AG,
Bogers AJ, Stumper OF, Hess J, et al. Surgery for Ebstein’s
anomaly: the clinical and echocardiographic evaluation of a new
technique, p 722-8, copyright 1991, with permission from “The
American College of Cardiology Foundation.”In 1 additional patient, artificial chords composed of polytetrafluo-
c and Cardiovascular Surgery ● Volume 127, Number 4 991
Surgery for Congenital Heart Disease Chen et al
CH
Droethylene (Gore-Tex, W. L. Gore & Associates, Flagstaff, Ariz)
suture were used to maintain competency of the tricuspid valve.
The competence of the tricuspid valve is then tested with
injection of saline solution into the right ventricle during cardio-
pulmonary bypass, and additional procedures are performed (eg,
closure of atrial septal defect and radiofrequency ablation). The
right atrium is closed, the patient is weaned off cardiopulmonary
bypass support, and the valve is again assessed by intraoperative
Figure 2. Leaflet fully mobilized. Area of atrialized ventricle to be
plicated noted by dotted lines. Reprinted from the Journal of the
American College of Cardiology, Vol 17, Quaegebeur JM, Sreeram
N, Fraser AG, Bogers AJ, Stumper OF, Hess J, et al. Surgery for
Ebstein’s anomaly: the clinical and echocardiographic evaluation
of a new technique, p 722-8, copyright 1991, with permission from
“The American College of Cardiology Foundation.”
Figure 3. Plication of the atrialized ventricle. Reprinted from the
Journal of the American College of Cardiology, Vol 17, Quaege-
beur JM, Sreeram N, Fraser AG, Bogers AJ, Stumper OF, Hess J,
et al. Surgery for Ebstein’s anomaly: the clinical and echocardio-
graphic evaluation of a new technique, p 722-8, copyright 1991,
with permission from “The American College of Cardiology Foun-
dation.”transesophageal echocardiogram.
992 The Journal of Thoracic and Cardiovascular Surgery ● ApriIntraoperative Radiofrequency Ablation
In 3 patients with documented supraventricular arrhythmias pre-
operatively, an intraoperative radiofrequency ablation procedure
(modified right-sided maze) was performed using an RF Cobra
(Boston Scientific, EP Technologies, San Jose, Calif) probe. In
these instances, radiofrequency lesions were created in an effort to
disrupt aberrant pathways (1) between the superior vena cava and
Figure 4. Post-repair with closure of atrial septal defect. Re-
printed from the Journal of the American College of Cardiology,
Vol 17, Quaegebeur JM, Sreeram N, Fraser AG, Bogers AJ,
Stumper OF, Hess J, et al. Surgery for Ebstein’s anomaly: the
clinical and echocardiographic evaluation of a new technique, p
722-8, copyright 1991, with permission from “The American Col-
lege of Cardiology Foundation.”
Figure 5. Lesions for radiofrequency ablation. A, Superior vena
cava to atrial incision; B, IVC to atrial incision; C, IVC-tricuspid
annulus (“isthmus block”). Reprinted from the Journal of the
American College of Cardiology, Vol 17, Quaegebeur JM, Sreeram
N, Fraser AG, Bogers AJ, Stumper OF, Hess J, et al. Surgery for
Ebstein’s anomaly: the clinical and echocardiographic evaluation
of a new technique, p 722-8, copyright 1991, with permission from
“The American College of Cardiology Foundation.”the atrial incision, (2) between the inferior vena cava (IVC) and the
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In all cases, particular attention was made to avoid fibers of the
conduction system, especially during creation of the so-called
isthmus block (IVC-tricuspid annulus) (Figure 5).
Antiarrhythmic Protocol
Study patients were not subject to a standardized preoperative or
postoperative antiarrhythmic medication protocol. Those 3 patients
who underwent radiofrequency ablation were maintained on intra-
venous amiodarone, which was later converted to oral amiodarone;
this regimen was maintained for the first 3 postoperative months
and subsequently discontinued. Those patients on antiarrhythmic
regimens preoperatively had their medications reinstated postop-
eratively.
Results
Of the 36 patients undergoing operation during the study
period with the diagnosis of Ebstein anomaly, 25 (19 chil-
dren and 6 adults) underwent primary repair. Eleven pa-
tients (with concomitant complex lesions) underwent other
procedures, including staging to a single ventricle repair (6),
orthotopic heart transplantation (1), and other complex pro-
cedures (4).
The 25 patients undergoing primary repair constituted
the study cohort. The average age of the cohort was 14.2 
TABLE 1. Demographics of the study cohort
Patient Age (y) Indication
1 2 mo Hypoxia, CHF
2 6 mo Cyanosis
3 11 mo Dyspnea, SVT
4 1.6 Cyanosis
5 2.7 Asymptomatic (significant RA/RV d
6 3.7 Hypoxia, cyanosis
7 3.9 Cyanosis
8 4.2 Asymptomatic (significant RA/RV d
9 5.0 Poor exercise tolerance
10 5.4 Poor exercise tolerance, cyanosis
11 5.4 Hypoxia, cyanosis with exercise
12 6.4 Poor exercise tolerance, syncope
13 8.2 Palpitations, CHF
14 8.2 Poor exercise tolerance, cyanosis
15 8.9 CHF
16 9.7 CHF
17 11.9 Poor exercise tolerance
18 13.4 Poor exercise tolerance
19 13.8 Decreasing exercise tolerance, cy
20 27.4 Cyanosis with exercise, palpitation
21 30.5 Dyspnea on exertion (mild)
22 45.2 Decreased exercise tolerance, SV
23 45.7 Dyspnea on exertion, cyanosis
24 46.3 Dyspnea on exertion
25 46.8 Syncope with exercise, atrial fibril
SVT, Supraventricular tachycardia; CHF, congestive heart failure; PFO, pate
mitral regurgitation; RA, right atrium; RV, right ventricle; N/A, not availabl15.9 years, and the average follow-up was 4.1  3.4 years
The Journal of Thoraci(median 3.4 years). The average preoperative cardiothoracic
ratio was 0.68  0.11 (median 0.69). Patient demographics
are summarized in Table 1. Additional procedures are listed
in Table 2. Five patients (20%) demonstrated atrioventric-
ular dissociation perioperatively; however, only 2 patients
(8%) later required permanent pacemaker insertion (one on
postoperative day 10, the other 5 years postoperatively).
The remainder of the cohort maintained normal sinus
rhythm throughout the perioperative and postoperative pe-
riods.
The results of preoperative, perioperative (before dis-
charge), and postoperative echocardiograms are noted in
Table 3. The results listed in italics represent echocardio-
grams for which official reports, but not actual studies, were
available for the current evaluation. As demonstrated, the
majority of patients had qualitatively normal biventricular
function preoperatively. However, it often can be difficult to
estimate right ventricular function in the presence of severe
tricuspid regurgitation and a large atrialized ventricle. Most
patients had moderate or severe tricuspid regurgitation,
which in 35% remained moderate post-repair; unfortu-
nately, intraoperative echocardiograms were inconsistently
available for review. Reports of echocardiograms obtained
later postoperatively demonstrated an improvement in tri-
Associated lesions Follow-up (y) CTR
PFO 3 0.81
ASD 6.1 0.91
ASD 1.7 0.71
ASD N/A 0.64
ion) ASD, VSD 0.1 0.85
PFO, VSD 4.9 0.61
N/A 0.75
ion) ASD, VSD 0.7 0.57
ASD N/A 0.71
ASD, VSD 3.8 0.69
ASD 3 0.73
ASD 0.9 0.7
PFO 9.6 0.68
PFO 4.2 N/A
ASD 10.9 N/A
MR, ASD 1.6 0.71
ASD 0.8 0.53
PFO 6.9 0.65
is ASD N/A 0.63
ASD 8.7 0.39
PFO N/A 0.63
ASD 0.1 0.8
ASD 6 0.57
ASD 8.4 N/A
PFO 1 0.65
ramen ovale; ASD, atrial septal defect; VSD, ventricular septal defect; MR,
, cardiothoracic ratio.ilatat
ilatat
anos
s
T
lation
nt fo
e; CTRcuspid regurgitation for many of these patients. Ebstein
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far as only mild annular displacement was present in the
majority of patients postoperatively. Of note, although most
patients demonstrated normal preoperative right ventricular
function, one quarter demonstrated decreased right ventric-
ular ejection fraction perioperatively (the majority of these
cases resolved later postoperatively).
Three patients required reoperation related to their Eb-
stein repair. One child returned to the operating room 3 days
postoperatively for conversion to a Glenn cavopulmonary
shunt after progressive, severe right ventricular failure with
tricuspid regurgitation and subsequent increased right atrial
pressure developed. At reoperation, additional trabecula-
tions to the right ventricular free wall were resected, and the
papillary muscle was reimplanted closer to the tricuspid
TABLE 2. Operations and complications in the study coho
Patient Prior operation Additio
1 PFO, atrial resection
2 ASD, VSD, pulmonary valvo
3 Attempted RF ablation Insertion of polytetrafluoroe
Associates, Flogstaff, Ari
plication, ASD, RF ablatio
4 ASD
5 ASD, tricuspid annuloplasty
6 ASD, VSD
7 PFO
Glenn cavopulmonary shun
reimplantation posterior l
8 ASD, VSD, tricuspid annulo
9 ASD, atrial resection (Uh1)
10 Attempted RF ablation ASD, VSD, radiofrequency
11 ASD
12 ASD, tricuspid annuloplasty
13 PFO
14 PFO
15 ASD, tricuspid annuloplasty
16 Pulmonary valvotomy Mitral valve repair (anterio
17 ASD, reimplantation of pos
18 RF ablation PFO
19 ASD
20 ASD
21 PFO
22 ASD, atrial resection
Tricuspid valve replacemen
23 ASD
24 Attempted RF ablation ASD
Tricuspid valve replacemen
ablation
25 AICD PFO, radiofrequency ablatio
SVT, Supraventricular tachycardia; PFO, patent foramen ovale; ASD, atrial
regurgitation; CHB, complete heart block; PPM, permanent pacemaker
cardiovascular defibrillator; A-V, arteriovenous.annulus to allow for better leaflet coaptation. Two adults
994 The Journal of Thoracic and Cardiovascular Surgery ● Apriultimately required tricuspid valve replacement, 4 and 8
years postoperatively, for progressive right-sided circula-
tory failure and dyspnea. In both cases, the prior Ebstein
repair was noted to have broken down because of degener-
ation of the leaflet tissues (and not because of further
annular dilatation).
Two children died suddenly 11 months and 4 years
postoperatively. Neither had displayed arrhythmic foci
perioperatively or undergone prior ablative procedures. The
child who died 4 years postoperatively had not demon-
strated any arrhythmias on a Holter investigation the month
before. Neither patient underwent postmortem anatomic
analysis. Five patients were lost to follow-up.
Three patients underwent adjunctive radiofrequency ab-
lation for preoperative intractable supraventricular tachycar-
rocedures Postoperative complication
ne (Gore-Tex, W.L. Gore and
ords, tricuspid annular
Perioperative A-V dissociation
Postpericardiotomy syndrome
Perioperative A-V dissociation
Perioperative A-V dissociation
Perioperative RHF; reoperation
ection trabeculae,
t
y
Postpericardiotomy syndrome
ion Postop SVT (noninducible)
CHB requiring PPM
Sudden death 11 mo
postoperatively
CHB requiring PPM
Sudden death 4 y
postoperatively
et triangular resection), ASD
tricuspid leaflet Perioperative A-V dissociation
Perioperative A-V dissociation
Progressive RHF
after repair
Progressive RHF, TR
after repair, radiofrequency Persistent RV dysfunction
l defect; VSD, ventricular septal defect; RF, radiofrequency; TR, tricuspid
, right heart failure; RV, right ventricular; AICD, automatic implantablert
nal p
tomy
thyle
z) ch
n
t, res
eafle
plast
ablat
r leafl
terior
t 4 y
t 8 y
n
septa
; RHFdias. At 6-month and 1-year follow-ups, none of these
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maintained on oral antiarrhythmic medications.
Discussion
Ebstein anomaly represents an unusual congenital cardiac
lesion with extremely variable clinical presentation. The
characteristic anatomic feature is that of downward dis-
placement and adherence of dysplastic septal and posterior
tricuspid leaflets into the right ventricle, thereby dividing
the ventricle into a so-called atrialized chamber and a func-
tionally reduced right ventricle.1-4 The large anterior leaflet
of the tricuspid valve may demonstrate restricted mobility
because of muscular trabeculations to the right ventricular
free wall. Whereas early repairs sought primarily to address
the essential problem of tricuspid regurgitation, later tech-
niques have each concentrated on reconstruction of these
essential deformities: liberation of the anterior leaflet from
its adhesions, exclusion or reduction of the atrialized ven-
tricle, reinstitution of valvular integrity and competency by
reattaching the anterior leaflet to the new annulus, and
remodeling of the tricuspid valve annulus and inflow por-
tion of the right ventricle.8-17
Despite these similarities, significant contention remains
regarding the specific components of repair. Some have
maintained that exclusion of the atrialized ventricle may be
unnecessary, and that the most important part of repair is the
construction of a competent tricuspid valve.15 In contrast,
others have suggested the need for cavopulmonary shunt
procedures to ameliorate right-sided volume overload, in-
stead asserting that ventricular unloading may contribute
favorably to ventricular remodeling and reduce the need for
more complicated valve repair techniques.13 In the case of
neonates with Ebstein anomaly, only recently have reports
of successful outcomes with complete repair challenged the
notion of functional univentricular palliation as the only
therapeutic option for these children.18-20
Clearly, however, improved outcomes with repair during
the past 2 decades have decreased the threshold for opera-
tive intervention, especially given the likely natural progres-
sion toward a deterioration of right-sided heart function and
tricuspid regurgitation, the potential development of ar-
rhythmogenic foci, and poor long-term outcomes.1,21,22 Our
current indications for operation include progressive devel-
opment of cyanosis or symptomatic dyspnea and increasing
right ventricular size as assessed by echocardiography and
radiographic cardiothoracic ratio. In light of the improved
results with repair, we have begun to view the progressive
decline in right ventricular function (especially in adults)
and development of significant intractable arrhythmias as
encouragement toward operative intervention.
As many as 79% of patients with Ebstein anomaly have
demonstrated supraventricular or ventricular arrhythmias,
and sudden death has been reported to occur in up to 20%
The Journal of Thoraciof these patients.23,24 Although the pathologic anatomy in
Ebstein anomaly is thought to provide an ideal substrate for
aberrant conductive pathways, the appropriate treatment for
their ablation remains unclear. The deaths of the 2 patients
in our cohort occurred 11 months and 4 years post-repair,
but the deaths were both sudden in nature, and in the
absence of evidence to the contrary must be considered
arrhythmic in cause.
We undertook the current study to evaluate our medium-
term outcomes with repair of Ebstein anomaly at a single
institution. Our technique for repair has not varied substan-
tially during the 12-year period or been modified specifi-
cally with regard to patient age. The findings of this study
are notable for several key observations.
First, since the initial report of our experience with this
repair technique, various alterations have taken place. We
maintain that the vertical plication of the right ventricle
restores the normal inlet portion of the right ventricle,
reduces the tricuspid valve annulus, and supports the sub-
valvar apparatus. In addition, the plication itself likely helps
to maintain a more normal ventricular geometry and thereby
promotes remodeling. Unlike the Danielson technique, in
which a monocusp valve is created, the current repair cre-
ates a bileaflet valve (at least when a posterior leaflet, albeit
morphologically abnormal, is present). We have on occa-
sion used an atrial reduction procedure, especially in cases
with Uhl disease; however, in general, we do not consider
atrial reduction a necessary part of the procedure. Finally,
annular reinforcing sutures or artificial polytetrafluoroeth-
ylene (Gore-Tex) chords were required in only select cases.
Second, in the majority of children in our cohort, repair
of Ebstein anomaly has excellent functional outcomes de-
spite residual postoperative tricuspid regurgitation by echo-
cardiogram. Although many patients in the study presented
with symptoms of cyanosis (8, 42%), progressive exercise
intolerance (6, 31%), and severe tricuspid regurgitation (10,
40%), and demonstrated little tricuspid regurgitation intra-
operatively post-repair, 10 patients (40%) later revealed
moderate-to-severe tricuspid regurgitation on echocardio-
gram before hospital discharge. Notably, all had normal
biventricular function documented preoperatively, but 9 pa-
tients (36%) demonstrated some decrement in their right
ventricular function on perioperative echocardiogram.
The relative prevalence of tricuspid regurgitation perio-
peratively may represent a poor predictor of long-term
results owing to temporary postoperative tricuspid papillary
muscle dysfunction and impairment in right ventricular
contractility. This is substantiated in part by those echocar-
diograms obtained late postoperatively that demonstrate im-
provement in many of these patients. In addition, the mor-
phology of the tricuspid jet measured is significantly
different postoperatively; whereas the jet is quite broad
preoperatively, after repair it tends to be narrower and
c and Cardiovascular Surgery ● Volume 127, Number 4 995
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posed posterior and septal leaflets. The reversal of flow in
the hepatic veins was inconsistently studied; thus, it could
not be used as a criterion, but it would be helpful in future
analyses. However, it is unclear whether this degree of
regurgitation is ultimately of true functional import.
Indeed, 18 children (95%) had significant improvement
in their functional exercise capacity at 3.7  3.4 years
follow-up, with no exercise limitations; only 1 child re-
mains limited by asthma. The reason for this improvement
in exercise capacity in children despite residual tricuspid
regurgitation is unknown. Although conjectural, this is
likely because of a relative reduction in right ventricular
volume load (and improvement in contractility) post-repair,
in addition to the presumed annular and ventricular plastic-
ity in children that may not be shared by their adult coun-
terparts. We have demonstrated the utility of echocardio-
graphic acceleration variables in the aorta as accurate
estimates of right ventricular contractility.17 Unfortunately,
such variables were incompletely examined by outside
echocardiographers to be used consistently as postoperative
measures in the current study.
In contrast, although 5 adults (83%) demonstrated com-
TABLE 3. Preoperative, perioperative, and late postoperat
Patient RVEF TR
1 Normal Severe
2 Normal Moderate
3 Normal Severe
4 Normal Moderate
5 Normal Moderate
6 Normal Moderate
7 Normal Severe
(reop)
8 Normal Mild
9 Normal Moderate
10 Normal Severe
11 Normal Severe
12 Normal Severe
13 Mildly decreased Moderate
14 Normal Moderate
15 Normal Mild
16 Normal Severe
17 Normal Severe
18 Normal Mild
19 Normal Severe
20 Normal Moderate
21 Normal Severe
22 Normal Moderate
23
24 Normal Severe
25 Normal Severe
ESS, Ebstein Severity Score; TR, tricuspid regurgitation; RVEF, right ventric
*Date of study.parable improvement in functional capacity, 2 adults (33%)
996 The Journal of Thoracic and Cardiovascular Surgery ● Aprirequired tricuspid valve replacement 4 and 8 years after
repair. Indeed, 1 of these patients remains ultimately limited
by poor right ventricular function despite valve replacement
(albeit likely related to a concomitant pulmonary embolus).
Both adult patients who required valve replacement also
demonstrated complete breakdown of their prior repair pri-
marily because of valve leaflet degeneration (and not be-
cause of progressive annular dilatation). In adults, this im-
paired leaflet integrity compounds the decreased plasticity
of the tricuspid annulus (and likely tension with repair). In
addition, long-standing right ventricular fibrosis and re-
duced ventricular plasticity both impact negatively on post-
operative ventricular remodeling. Taken together, these
factors likely contribute significantly to problems with long-
term repair durability in adults. These results must also be
viewed in light of reports by the Mayo Clinic group dem-
onstrating good long-term durability of bioprosthetic tricus-
pid valves inserted for Ebstein anomaly.25
Third, since the introduction of intraoperative radiofre-
quency ablation techniques to our institution in 2000, we
have been more liberal in their use for congenital heart
surgery. As noted previously, arrhythmias represent a sub-
stantial source of morbidity and mortality for patients with
chocardiographic results in the study cohort
Preoperative
ESS Anterior tethering LVEF
B Mild Normal
C Mild Normal
C Moderate Normal
B Moderate Normal
B Mild Normal
B Mild Normal
D Moderate-severe Normal
A Mild Normal
Normal
D Moderate-severe Normal
C Moderate Normal
D Moderate-severe Normal
B Mild Normal
B Mild-moderate Normal
B Mild-moderate Normal
B Mild Normal
C Mild Normal
B Mild Normal
Moderate-severe Normal
C Moderate Normal
B Mild Normal
C Moderate Normal
N/A
C Moderate Normal
A Mild Normal
jection fraction; LVEF, left ventricular ejection fraction; N/A, not available.ive e
ular eEbstein anomaly, even many years postoperatively. These
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neously than in patients without Ebstein anomaly.3,6
The addition of intraoperative radiofrequency ablative
lesions adds little operative time to the overall repair and
requires no further exposure techniques. Some would argue
that the repair by its nature likely disrupts most aberrant
pathways (especially those within the atrialized ventricle
that is either excised or imbricated) and have reported a
resolution in supraventricular tachycardia in up to 30% of
patients undergoing Ebstein repair alone.5,23 In addition,
when successful, repair should further reduce the ultimate
arrhythmogenic nidus of right atrial distension. However,
for those patients who demonstrate preoperative myocardial
irritability—especially those in whom percutaneous abla-
tive attempts were unsuccessful—intraoperative ablation
represents an important adjunct toward improved long-term
outcomes. All of our patients who underwent intraoperative
ablation are free of significant arrhythmias 1 year postop-
eratively and do not require antiarrhythmic medications.
Finally, these findings, when viewed in light of the
encouraging medium-term outcomes, indicate that earlier
operative intervention in Ebstein anomaly should be con-
sidered before the development of significant deterioration
TABLE 3. Continued
Immediate postoperative
RVEF TR Annular displacement
Decreased Mild Mild N
Normal Mild Moderate N
Decreased Moderate-severe Mild N
N/A
Normal Moderate Mild N
Normal Moderate Moderate N
Decreased Severe Moderate N
Decreased Mild Mild N
Normal Mild-moderate Mild N
N/A
Normal Moderate Mild-moderate N
Decreased Severe Moderate N
Normal Severe Mild N
Normal Mild-moderate Mild N
N/A 3.1 N
Normal Moderate Mild N
Normal Moderate Mild N
Normal Severe Mild N
Decreased None Mild N
N/A
Normal Mild Mild N
Normal Mild Mild-moderate N
Normal Severe Moderate N
Normal Mild Mild N
Decreased Severe Moderate N
Decreased Moderate Mild Nin right-sided heart function. Adult patients with advanced
The Journal of Thoracidisease may not demonstrate comparable prolonged dura-
bility to their repair owing to poor leaflet integrity, large
annuli, and reduced ventricular plasticity; however, they
may still benefit significantly from valve replacement. As
has been suggested by others, the presence of arrhythmias
themselves should likely be considered a relative indication
for operative intervention, both for restoration of ventricular
dynamics and potential ablation of future aberrant conduc-
tion pathways.
Limitations
Several limitations must be highlighted in the current study.
First, by its nature this evaluation is subject to the restric-
tions of a retrospective study. Follow-up, in particular, was
difficult to obtain in many patients who had moved far from
the medical center or who had undergone repair in the
distant past; original echocardiograms more than 10 years
old were difficult to obtain and often of poor quality. Sec-
ond, only a select group of patients underwent exercise
testing either before or after repair; thus only subjective
conclusions could be inferred regarding exercise tolerance
and improvement from postoperative out-patient evalua-
tions and subjective telephone interviews. Finally, because
Late postoperative
Years postop* RVEF TR LVEF
l 3.0 Normal Mild Normal
l 6.1 Normal Mild Normal
l 0.1 Normal Moderate Normal
l 0.1 Normal Mild Normal
l 4.9 Normal Severe Normal
l Reoperated
l N/A
l Normal Mild Normal
l 0.9 Normal Moderate Normal
l 2.5 Normal Moderate Normal
l Died
l 9.5 Normal Mild Normal
l Trace Normal
l N/A
l 1.6 Normal Moderate Normal
l 0.8 Normal Moderate Normal
l 5.0 Normal None Normal
N/A
l N/A
l 2.0 Normal Moderate Normal
l 0.0 Normal Replaced Normal
l N/A
l 0.1 Decreased Replaced Normal
l 0.0 Decreased Mild NormalLVEF
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
orma
ormamany of the patients were referred from a variety of con-
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Dsultants, the regularity with which follow-up echocardio-
grams were obtained and the details of their examination
were quite variable. Future studies evaluating the long-term
durability of repair and its effect on overall exercise toler-
ance will clearly require standardization in postoperative
assessments.
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Discussion
Dr Joseph A. Dearani (Rochester, Minn). I appreciate the oppor-
tunity to discuss the presentation by Dr Chen of the results of
surgical treatment of Ebstein anomaly performed by him and his
colleagues at Columbia University. I did not have the opportunity
to read the manuscript in advance, so my comments will be
directed toward the presentation. The major question in my mind
is the significance of accepting significant residual tricuspid regur-
gitation at the end of the procedure in a patient with Ebstein
anomaly. You have tried to demonstrate in your review that
significant tricuspid regurgitation is better tolerated in the child
compared with the adult.
Our approach toward and philosophy of surgical treatment of
Ebstein anomaly are different. Our objective with operation is to
eliminate tricuspid regurgitation, close the atrial septal defect,
correct other abnormalities if present, and perform an antiarrhyth-
mia procedure as indicated. We accept mild, and moderate at most,
residual tricuspid regurgitation at the end of the procedure. If
moderately severe or severe tricuspid regurgitation is present, we
then proceed with porcine bioprosthetic tricuspid valve replace-
ment. We believe that the function of the myopathic right ventricle
present in all patients with Ebstein anomaly is preserved better in
the long term in the absence of tricuspid regurgitation.
Our technique of repair has evolved during the last 3 decades.
We have performed operations in approximately 500 patients with
Ebstein anomaly at the Mayo Clinic, and approximately half
underwent valve repair. Currently, our technique involves moving
the major papillary muscle(s) toward the ventricular septum and
performing maneuvers that progressively bring the leading edge of
the anterior leaflet closer to the ventricular septum for coaptation.
The repair is performed at the level that the valve exists in the right
ventricle. Both transverse and vertical plications have been per-
formed and are now reserved for only the severely dilated hearts.
Careful attention to the preservation of the major coronary arteries
and their branches is critically important during these plication
maneuvers.
What do you use as a guide for the indications for reoperation
if many of your patients already have grade III tricuspid regurgi-
tation?
You described your technique of repair. Was this technique
applied in all of the patients or have you developed other modifi-
cations that were used in some of these patients?
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DI congratulate the authors with their management of a challeng-
ing group of patients. I would appreciate your thoughts on the
long-term effect of accepting significant tricuspid regurgitation
and its volume load on the myopathic ventricle present in Ebstein
anomaly and your criteria for reoperation.
Dr Chen. You correctly identified that one of the big surprises
of our analysis was the reasonable amount of postoperative tricus-
pid regurgitation we found with our immediate postoperative and
sometimes late postoperative studies.
I think what this has also reemphasized to us is the necessity of
having a highly skilled echocardiographer in the operating room to
assess the morphology of the tricuspid regurgitation jet, which
itself can be quite misleading.
Clearly, when we look at studies sent from outside cardiologists
of children undergoing repair, there are many overestimates of
tricuspid regurgitation, based on the finding that a narrow jet can
look quite severe. In fact, when compared with the previous study
(in which the tricuspid regurgitation jet was broad), this narrow jet
may have less of a severe hemodynamic consequence.
In answer to your question about when we would consider
leaving the tricuspid regurgitation, I think a lot of it has to do with
how severe the Carpentier grade is preoperatively in terms of how
likely we think the repair itself will be durable. I think anyone who has
a Carpentier D grade will be less likely to either tolerate the severe
tricuspid regurgitation or have an excellent outcome with repair.
What is interesting, though, is that among these children, the
relative right ventricular plasticity seems to protect them from the
immediate effects of tricuspid regurgitation in the perioperative
period. Once the myocardial function improved, they also seemed
to improve symptomatically.
With regard to your second question about variations in our repair,
I think these are basically our principles of repair. The adjunctive
procedures, the De Vega annuloplasty, the additional polytetrafluoro-
ethylene (Gore-Tex) cord, and so forth are variations on the theme,
but for the most part, the repair has remained the same.
Dr Florentino J. Vargas (Buenos Aires, Argentina). Back in
1986, during my year as Graham Fellow of The American Asso-
ciation for Thoracic Surgery, I had the opportunity to study the
Ebstein specimens in the pathology laboratory at Boston Chil-
dren’s Hospital. Two years later, a technique was devised. This
included a vertical plicature performed simultaneously with the
annuloplasty using a single suture that brought the anterior-poste-
rior commissure together with the septal leaflet or its remnant. The
cul-de-sac thus formed was plicated using the same suture. No
translocation or mobilization of the annulus was performed at all,
and the plicated tissue therefore remained within the right atrium.
We performed this procedure in our first patient in 1989 and have
performed it in 14 patients so far. This series and data were
published a few years ago. At 6 years of follow-up, we are seeing
in our patients a mild or moderate degree of tricuspid regurgitation
and an overall excellent functional result. It is interesting for us
that the remaining functional right ventricle seemed to grow quite
well with age, and we are now trying to figure out how we can
measure and do objective measurements of this growing ventricle.
I have 2 questions regarding your presentation. First of all, for
the cases in which you considered it necessary to add an additional
bidirectional Glenn as part of the repair, which parameters will you
The Journal of Thoracitake to make the decision, and when will you make the decision?
I mean before, during, or after the pump?
The second question regards the vertical plicature itself. In the
technique you used, a vertical plicature is used. Because you
translocate the tricuspid annulus, this vertical plicature is included
within the future right ventricular cavity. How does a repair of that
abnormal restored part of the anatomy of the right ventricle com-
pare with the functional viewpoint in your follow-up findings?
Dr Chen. There is certainly a great deal of contention with
regard to the plication of the right ventricular cavity.
I concur with the group who implies that the atrialized ventricle
may not be wholly functional beforehand and therefore will not
contribute much to right ventricle contractility.
Excluding it certainly did not negatively affect the right ven-
tricular contractility. In fact, in all of the postoperative studies,
right ventricular function improved with exclusion. It may be that
excluding the paradoxic region has salutary effects on contractility.
Dr Quaegebeur may actually be the best person to comment on the
Glenn procedure, but we performed a bidirectional Glenn at the time
of reoperation in only 1 patient to reduce the volume load while still
pursuing a revision of the repair, as opposed to a valve replacement.
Dr J. Quaegebeur (New York, NY). We would not perform a
Glenn in a pediatric age group of children. The results might not
be exactly the same as in an adult group in whom using a Glenn as
part of the operation is probably more frequently performed.
So we would not perform it as our primary intention, and this
particular child had a poor result. Together with the revision, we
performed the Glenn, which was perhaps not completely necessary.
In regard to the plication, we tried to exclude the nonfunctional
part of the right ventricle. Although in this particular group we did
not use these measurements, in a previous group we had used
Doppler velocity studies, which is some sort of a surrogate for
right ventricular function.
In the majority of patients, the velocity of blood flow from the
tricuspid annulus across the right ventricle into the pulmonary
artery is increased after excluding that atrialized portion of the
right ventricle. We believe it is an important part of the repair.
Dr George E. Sarris (Athens, Greece). This is a study of the
numerator of the patients who had repair of Ebstein anomaly in the
pediatric age group. I am wondering about the denominator, and
particularly how did you decide, if that occurred at all, that perhaps
some patients with the more severe forms of Ebstein anomaly, say
type D, perhaps were not suitable for repair, and what operations
did you choose to do in those patients? Do you have any infor-
mation on this issue?
Dr Chen. Thank you. I do not have the complete information.
We excluded from this analysis approximately 10 patients with a
diagnosis of Ebstein, usually with more complicated procedures
that did not involve the Ebstein repair. We also excluded patients
who were ultimately committed toward a single ventricle repair
pathway. Any of the patients who underwent a full repair as any
portion of their procedure were included in this cohort. So, unfor-
tunately, I cannot exactly speak to the outcomes of that group of
patients who did not undergo attempts at repair.
In general, we would entertain the idea of performing a repair
in any patient, even those with grade D (especially children),
because, in general, the results have really been quite good.
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